Abstract. Larvae of the Simulium damnosum Theobald complex (Diptera: Simuliidae) were sampled in June 1996 from two sites in south-west Ghana where larviciding has not been applied: Sutri Rapids on the Tano river (05°23¢ N 02°38¢ W) and Sekyere-Heman on the Pra river (05°11¢ N 01°35¢ W). All specimens were identi®ed as Simulium sanctipauli Vajime & Dunbar sensu stricto (Diptera: Simuliidae). Bioassays with temephos (organophosphorus larvicide employed by the Onchocerciasis Programme for systematic treatment of most rivers across West Africa since the 1970s) showed about ®ve-fold resistance in the Tano population (LC 95 2.37±3.14 mg/L) and slight tolerance to temephos in the Pra population (LC 95 0.67±0.76 mg/L), vs. the diagnostic concentration of 0.625 mg/L. Larval salivary polytene chromosomes of S. sanctipauli showed ®xed inversions 1S-24/24, standard IIL-6 and a new inversion IL/36 polymorphism at Sutri on the Tano. These karyotype characteristics differ from those of temephos-resistant S. sanctipauli in rivers of Co Ãte d'Ivoire and other sites on the Tano in Ghana. Thus, temephos resistance in S. sanctipauli at Sutri is associated with distinct chromosomal con®gurations, showing that immigration was unlikely. This resistance could have been locally selected by exposure of S. sanctipauli larval populations to agrochemicals run-off from cocoa, coffee and oil plantations¯anking the rivers.
Resistance to insecticides in vectors of human diseases may, in some situations, be induced or aggravated by selection pressure from exposure to pesticides that are applied for agricultural purposes; this has been observed in vector mosquito populations associated with irrigated cotton, rice ®elds and cocoa plantations (Georghiou et al., 1973; Brown, 1986; WHO, 1987 WHO, , 1992 Lines, 1988; Mouchet, 1988; Penilla et al., 1998; Karunaratne & Hemingway, 2000) . For example, in West Africa resistance of the Anopheles gambiae complex malaria vectors to DDT, dieldrin and pyrethroids has been attributed to agricultural as well as domestic applications of insecticides (WHO, 1987; Chandre et al., 1999) . Also in West Africa, major rivers with black¯y breeding-sites of the Simulium damnosum complex are mostly¯anked by cotton ®elds, cocoa and coffee plantations where agricultural pesticides are used extensively. Even so, the only insecticide-resistance found previously in members of the S. damnosum complex comes from the Onchocerciasis Control Programme (OCP) area spanning most West African countries (Samba, 1994; Boakye et al., 1998) where systematic larvicid-ing of rivers with temephos resulted in the development of resistance to this organophosphorus (OP) insecticide. Among the 10 or more sibling species of the S. damnosum complex occurring in West Africa, temephos resistance was ®rst detected in S. sanctipauli from Co Ãte d'Ivoire (Guillet et al., 1980) and subsequently also in S. sirbanum and S. damnosum (Kurtak, 1986) . This necessitated the sequential/rotational use of a series of different/complementary insecticide classes, including the exploitation of negative cross-resistance between OPs and pyrethroids, to maintain satisfactory levels of control by larviciding (Kurtak et al., 1987) . Because organophosphates and pyrethroids are used extensively for cocoa and coffee plantations of southern Ghana, in areas not covered by the OCP, we considered the possibility that susceptibility of local Simulium populations to insecticides could be affected, with potential complications for future control activities. Moreover, among members of the S. damnosum complex, resistance might spread from resistant`forest species' by introgression to`s avanna species' in situations where both occur in sympatry (Boakye & Meredith, 1993) . Through migration and reinvasion therefore resistance could be introduced into the OCP area (Meredith et al., 1986; Garms et al., 1989) .
As part of a major study of onchocerciasis and its vectors in south-west Ghana, the susceptibility of black¯y larvae to temephos was tested in the Lower River Tano and Lower River Pra basins at two sites in the forest zone where larviciding has never been systematically applied. This paper reports the detection in June 1996 of temephos-resistant populations of S. sanctipauli s.s. on the Tano and tolerance on Pra. Cocoa and coffee are cultivated extensively near the banks of the Tano and most of its major tributaries¯ow through plantations. The situation is different on the lower Pra, where oil palm plantations and other crops are cultivated.
Larvae of the S. damnosum complex were obtained from breeding sites at Sutri Rapids on the Tano (05°23¢ N 02°38¢ W) and from Sekyere-Heman on the Pra (05°11¢ N 01°35¢ W). Susceptibility tests were carried out as described by Mouchet et al. (1977) and adopted by the OCP (WHO, 1981), using serial dilutions of 2.5, 1.25, 0.625, 0.313, 0.157, 0.078 and 0.039 mg/L in distilled water, plus a control without insecticide. Six replicated tests with larval exposure for 3 h were carried out at each site and the lethal concentration (LC) values were calculated using probit analysis by the maximum likelihood method (Finney, 1971) . Representative larvae from ®eld populations and survivors of the tests were preserved in Carnoy's solution for cytotaxonomic identi®cation (Vajime & Dunbar, 1975; Post, 1986; and for karyotyping (Boakye, 1993) .
All larvae examined from both sites were identi®ed as S. sanctipauli s.s. (cf. Fig. 11 in Boakye et al., 1998) Chromosomal karyotyping of the wild larvae of S. sanctipauli from both rivers Pra and Tano, including those larvae surviving temephos tests, revealed no special chromosomal sequences or inversion frequencies associated consistently with the temephos resistance factor. At Sutri Rapids on the Tano, S. sanctipauli carried the rare inversion 1S-24/24 (Boakye, 1993 ) and a newly recognized¯oating inversion IL/ 36 (Fig. 1) at frequencies of 0.56 and 0.32, respectively. To our knowledge, inversion IL/36 occurs only in this population. Meredith et al. (1986) previously detected resistant S. sanctipauli populations, characterized by inversion IIL-6, elsewhere on the Tano. They suggested that those S. sanctipauli could be migrants from resistant populations with inversion IIL-6 in rivers of southern Co Ãte d'Ivoire, to the West. That suggestion was supported by Boakye et al. (1999) from similarities of chromosomal inversion frequencies in S. sanctipauli populations of the River Comoe Â in Co Ãte d'Ivoire and other sites on the Tano.
The presence of inversions 1S-24 and IL-36 (but not IIL-6) in the Sutri population indicates that these resistant S. sanctipauli are not migrants from the temephos-resistant populations in Co Ãte d'Ivoire (or elsewhere in the OCP area), which lack these distinctive inversions and possess IIL-6. Thus, resistance to temephos in S. sanctipauli of the Tano seems to have evolved locally, presumably resulting from exposure to agricultural insecticides used in cocoa and coffee plantations situated along the banks of the Tano, perhaps augmented by the use of such insecticides for ®shing. Simulium sanctipauli at Sutri Rapids was also characterized by a high frequency of inversion IIL-4.6.A, showing af®nity with the Comoe Â form of S. sanctipauli, whereas the Pra form was predominantly IIL-4.6.7 A (Boakye et al., 1999) . By means of in situ hybridization for identifying loci and copy numbers of genes associated with OP resistance in S. sanctipauli (Boakye et al., 2000) we hope to establish whether these and other OP-resistant populations of the S. damnosum complex share homologous resistance factors or not. This may help to plan for resistance management in any future larvicidal control operations.
